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s- ... ,. KI1{ETOG~PHIC FLOJ PICTURES.*..

By L. Prandtl and Oo Tietjens.

According to a method worked out by Professor F. Ahlborn

in liambur~, the flow of water can be photographed by strewing

on its surface fine particles (such as lycopodium spores, grass

seed, or powdered aluininum) and making short time-exposures.

Each particle travels a Ce~t5Lh dListanc~ dUrhg the exposure

and is photographed a,sa shor-tstraight line. The total of

all these short lines accordingly produces

shows the direction of flow at every point

i.ty (by the length of the line). With the
)

a picture which

and also its veloc–

right amount of

powder and a suitable length of exposure,. the latter run to-

gethef so as to indicate the streamlines directly.

Ii’it is desired to make such pictures with a kinetograpil,

in odder to determine the tcinporal succession of the flow phc-

nomel~, the difficulty may easily arise that the marks will ‘DC

too short on the individual negatives, due to the shortness of
.

exposure, so that the streamlines will not be recognizable.

We therefore changed the drivin.~mechanism of a kinctograph, so

h“ that the illumination lasted only 7/8.of the time albtt~dL for

each exposure, 1/8 being allowd for the shifting of the filw

* ll~<fil~:flatoGr~tiPhis~hestro~~ungsbilder,tir~cpr’intedfrOm “~i~
lTatur~:risscllsclMften,llVol. 1.3,pp. I05G-10530
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the next

velocity

exposure. Ir.brder not to overtax

of the shifting film must not be

greater than in ordinary operation, in which about 0.4 of the

time can be alloweci for the actual exposure and O.6 for the

shifting of the film (at least in our cap.era, which is an old

type made by Liesegang in Dflssel,dozf). On the basis of 16 ex-

posures per second in ordinary operatio.1,we thus obtained 3

exposures per second, which were sufficient for our purpose.
.,

The IIfilm time-pictures~’thus obtained are poorly adapted

for kinctoscopic reproduction, since t’neygive a very unnatural.

effect,”even when correspondingly retarded by copying each in-

dividual

film, as

turcs is

picture

is done

ilot the

ble the separate

several times in.succession on the positive

in trick pictures. The object of such pic-

same as i-nnot ion pictures, but only to cna-

observat ion of each successive picture. Ob-

viously the successive Rictures show the path of each particle

practically without int~rruption, since only 1/8 of the dis–

tance is lost for each.exposure. Hcncc the accelerations can

b c detcrmined, from which conclus ions can be dram regarding

the field of force underlying the motion.

Since the device lJve employed mi~ht be applicable to OthCr

ici-ndsof motion analysis, we will add a few words concerning

it. In addition to the normal 8-picture crank, there is also

an axle i’or4 pictures pcr revolution. WC muunt cd a Ualtcse

cross on the latter axle, as is customary in kinetoscopcs.

;
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In Fig. 1, a is the axle of the Naltcse drive,

.mF, .-, ,, driven in tum by-an ‘electric motor”;’”by means” of
..

pr”ovided vith a flywheel. The 4-picture axle b

Malt ese cross and a cogvhcel, which engages nith

3

whit’n is itself

a cord, and is

ca~rics thq

another co.g-

whocl on t-ncaxl c c (~ia~ra~~atically represent ed, sincc the

cogvhcel on the 8-picture axle really intcrvcmcs) . In short,

the action of the mechanism is such that (with a uniform rotc,-

tional speed of the axle a) the Ualtese cross rests during

3/4 of a rotation of the axle a, but then, during the remain–

ing 1/4 rotation of t’ncr.xle a, is itcelf carried throu@n a

quarter rcvolu.tionby means of the pin s, which at first i~+-

parts to it a gradually accelerat cd Mot ion and then, at the

end, a correspondingly retarded motion. Tileaxle c thereby

makes a full revolution, only the middle portion of which is

utilized for advancing the film, so that for exposing and ad-

vancing the filii,

tion of the axle

The pictures

about 7/8 and 1/8 respectively, of

a is utilized.

wc ‘havethus far taken concern the

of flo~d-fpas t rotating and non-rotating cylinders, in

a revolu-

phemn ena

w’hich,

after our experiments on the Magnus effect, we felt an especial

interest. (Cf. lll?atur!?is’senschaften~f1925, p. 93 ff.) For

k- these pictures we had a water tank 35 cm wide, 30 cm deep and

3 m long (about 1.15 X 0.98 X 9.84 ft.). The obstacle used

was a

25 cm

vcrt ical cylinder, 4.5 cm (

(9.84 in.) long, which was

1.77 in.) in diameter and

rotatable on ball bearings



.

and had on its lower end, near the bottom of the tank, a disk

k> -3 cm (3.54 in.) in.dia.mete.i..The top end was just ,evenwith

the surface of the water, as shown in Fig. 2. The cylinder was
.

mounted on a car, which ran on rails and was set in motion by

fall ing weights. Since the streamlines of the relative motion

of the liquid with reference to the cylinder axis were to be

photographed, the camera and notor both had to be mounted on

the car. The cylinder was rotated by means of a cord, one end

of which was wound arouncla s,poolat the top of the cylinder,

its other end being either fastened to the edge of the tank or

pass ed around a pulley and returned,to the @r, thereby doub-

ling the rotational speed of the cylinder. Other rotational

speeds may be obtained by using spools of different diameters.

Both the film strips (Tigs. 3-4) plainly show the diffcrezme

between the customary film picture (Fig. 3) and the,film time-

pictures obtained with the nodif ied camera (Fig. 4). Both sets

of pictures were made of the flow phenomenon, namely, the for–

mat ion of a pair of eddies b ehind the r’otating cylinder.
~~

is obvious that Fig. 3 shows nothing regarding the motion of

the liquid, but only the momentary state of the powde reelsur-

face, wkile Fig. 4 is a set of streamline pictures which give

$h. a good idea of.the natqre of the flow.

while Figs. 9-12 =%, the i,Qo:Tr~:,~@..ingpictures for the rotating
Nlt:i)l(:-t:-:i,4.)~~f]:lutical

L;:;j(,) ;Idl(, l-y
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cylinder. In the tine-filn, the individual pictures do not

-.. ,fo3Lo.Yf.irxncxiiatjcly.q.ftor on: :.nether,but :~rcso sclcctcd (vith., ,,. .,,

the oclissionof some of the pictures), as to show especially

characteristic flow phenomena. The dizection of flow is from

left to right in all the picture~.

Fig. 5 sho17show, at the beg-inning, (in the condition of

acceleration) , there is an almost pure potential flow, ‘,Thile

F,ig. 6 shovs how two eddies begin to form from theb”’oundary-

l~ycr natcrial collecting at two points on the rear vail of

the cylinder. Fig. 7 shows this pair of eddies in considerably

augmented state, just before the instant wlnenthey dissolve

(since this condition is unstable) and give place to an irregu-

larly agitated dead-water region. Fig. 8 shows the permanent

cond-itio-n.

Figs. 9-12 shov the

ing cylinder, and indeed.

correspor.dingphenomena for the rotat-

f!>rthe ca-sevlmri *b-cratio of the

peripheral velocity of the cylinder (u) to the velocity of

the undisturbed flow (v) is 4, (~ = 4), the direction of

flow being from left to right and the rotation of the cylinder

being in the clockwise direction. Fig. 9 d~affersbut litt~c

from Fig. 5, the flow being likmise potential in the first

stage of the motion. Figs. 10-12 show the constantly increas-e ......... .... ,.-.,. ,., ,.. . .
,. ing effect of the rotation. Instead of the pair of eddies,

there is now only eddy and this is on the side of the cyl-

inder where the water and the cyl”inder surface are moving in

.
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dircc,tions,. .A,ftcrtfi.isso-cal,lcd l’starti-ng-cd&yltMS

to a certain stage (dependent on tkc rotation speed

of the cylinder) and has loft the cylinder, ve have R flou pic-

ture in vhich the front and the res.rdanning pcint almost

coincide and in l,Thichthe original direction of flow has under-,,

.gonba considerable deflection.

Fig. 12 shows how the sti~~:mlines are crowded closer to-

gether on the upper side of tilecylinder, correspondim3 ‘m a

greztcr ~~clocityand a reiluccdpressure (negatiT*epressure) ,

and b.ov,@n the other side, the streamlines spread farther

apcart, corresponding to a snaller velocity ~lid a consequent

greater pressure (positive pressure) . Tb-esepressure differ-

ences :~YGduce the cross-curre~.t force which is lriow-nas the

,!l~,,~agnuseffect‘fa-ridwhich, in this case, is directed from ke–

low upward .

Translation by Dwight :1..L!iner,
Nat ional Advisory Com:itt ee
for Aeronautics.

,4. . ,, ..,,,_,. ... , —,
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Fig.1 Change in the drive
of’the kinetograph

by the introduction-of
Maltese cross.

a
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Fig.2 Cylinder with driving
cord and supporting ~~~i.
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Fig. 5. Fig. 9.

Fig. 6. Fig. 10. [

I

Fig. 7. Fig. II. I

Figs.5-8 Non-rotating ayl. : Figs.9=12 Rotating cyl.u/v=4
. . .... . . . . . -. ..6686 h, S,. .-’-
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